The prevalence of carotid and lower extremity arterial disease was assessed in a healthy population of 56 elderly adults with isolated systolic hypertension. Duplex scans were performed to determine the extent of carotid disease, and postexercise ratios of ankle to arm systolic blood pressure were measured to assess lower extremity arterial disease. Internal carotid stenosis was found in 38% (21 of 56) of subjects and lower extremity arterial disease in 42% (23 of 55). The strongest predictor of internal carotid stenosis was lower extremity arterial disease. Independent risk factors for lower extremity arterial disease were smoking, internal carotid stenosis, and age. A measure of extent of carotid plaque was found to correlate with age, carotid stenosis, male sex, history of smoking, and total cholesterol. The high prevalence of peripheral vascular disease in this population may be related to their age and blood pressure. The high correlation between carotid stenosis and lower extremity arterial disease suggests that persons with peripheral vascular disease should be assessed and treated for atherosclerotic disease in general. (Stroke 1987;18:817-822) M uch of the epidemiology of carotid and lower extremity arterial disease (LEAD) is unknown, largely due to a lack of available data regarding asymptomatic disease. Although noninvasive diagnostic techniques have been used in studying clinical populations, most studies of the general population have been confined to establishing the incidence and prevalence of clinical signs and symptoms. Although asymptomatic disease is not always of clinical interest, it is vital in describing the natural history of a disease and in relating the disease to its risk factors. With the development and improvement of noninvasive vascular diagnostic techniques, the assessment of minimal to moderate disease is now possible. This study is among the few to use noninvasive testing to evaluate the prevalence of arterial disease in a healthy population.
Elderly Program at the University of Pittsburgh, a multicenter clinical trial undertaken to determine the efficacy and possible risks of treating isolated systolic hypertension in the population over age 60. Screening for the study took place at shopping malls, retirement centers, churches, and other locations where predominantly healthy elderly adults could be found. Qualifications for entry into the study included an age > 6 0 , systolic blood pressure >160, and diastolic blood pressure < 9 0 mm Hg. Those with symptomatic bruit were excluded, as well as those with far advanced LEAD (e.g., requiring amputation). Other medical exclusions have been previously reported. 1 
Diagnostic Methods
LEAD was evaluated using postexercise ratios of ankle to arm systolic blood pressure, commonly called the ankle/arm index (AAI). This method has been used frequently to detect stenosis or occlusion in the proximal arteries of the legs.
2 " 9 After the subjects walked at 1.5 mph on a 10% grade for 5 minutes, standard 12-cm blood pressure cuffs were applied to both ankles and the arm exhibiting the higher pressure at rest. The systolic blood pressure was determined in the right and left posterior tibial arteries by Doppler and then in the brachial artery by antecubital fossa auscultation. A postexercise AAI of < 0.95 was considered indicative of LEAD. For the few participants that could not walk on the treadmill, a blood pressure cuff was placed on the calf and inflated to 20 mm Hg above the systolic blood pressure for 5 minutes. Following deflation, the ankle and then brachial systolic blood pressures were determined.
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Stroke Vol 18, No 5, September-October 1987 A Diasonics DRF 400 duplex scanner (Milpitas, Calif.) was used for the carotid evaluation. The duplex scanner combines real-time B-mode ultrasound with Doppler ultrasound to create a system capable of both vessel imaging and evaluation of blood flow characteristics. The Doppler component is important in quantifying disease on the basis of the degree to which it causes hemodynamic disturbances. The B-mode image, however, is essential to characterize disease that is not of sufficient magnitude to produce such disturbances. All scans were videotaped for later interpretation and scoring. Four locations of each carotid artery were evaluated: common carotid (CCA), Carotid bulb, internal carotid (ICA), and external carotid artery. At each location, peak blood flow velocity was recorded, and degree of eccentric plaque was estimated.
Peak blood flow velocities were used to determine the presence or absence of a velocity-increasing stenosis. As an atherosclerotic plaque progressively narrows the lumen of a vessel, the velocity of blood flow at that site must increase if constant flow is to be maintained. The concept of the velocity ratio between the ICA and its parent CCA has been used successfully to measure severity of disease.
10 " 12 In our study, a stenosis of the ICA was denned as an ICA: CCA blood flow velocity ratio of > 1.4; this corresponds approximately to a vessel stenosis of at least 50% reduction in diameter.
The real-time image of the duplex scanner was used to evaluate the presence and degree of visible plaque. Multiple planes were imaged so that the best representation of each plaque could be recorded. When the scans were scored, the degree of eccentric plaque at each location was graded from 0 to 3: 0, no observable plaque; 1, 1 small plaque (<30% of vessel diameter); 2, 1 medium plaque (30-50% of vessel diameter) or multiple small plaques; 3, 1 large plaque (>50% of vessel diameter) or multiple plaques with at least 1 medium plaque.
Because degree of eccentric plaque was an estimate, we felt it was important to determine its reproducibility. Therefore, each scan was scored twice, with 3-6 months between scorings and without knowledge of prior scores. The agreement between first and second scores was evaluated by the K statistic.
Reproducibility of peak blood flow velocity was assessed by doing multiple readings on 15 patients using 2 different observers. Regression analysis was used to evaluate the intraobserver and interobserver correlation at each of the 4 sites, and Pearson and Spearman correlation coefficients were calculated.
Univariate relations between study variables were evaluated by the x 2 statistic, independent relations by stepwise logistic regression.
Results
K statistics for perfect agreement between evaluations of eccentric plaque were highly significant, indicating that the 2 estimates were comparable (Table 1) . For all locations, agreement within one category was >90%. All correlation coefficients for intraobserver and interobserver measurements of peak blood flow velocity were highly significant ( Table 2 ). Linear regression and hypothesis testing revealed that the interobserver measurements of blood flow velocity at the carotid bulb were the only case where reproducibility was not good. These measurements were therefore not used in subsequent analyses.
After confirming the reproducibility of key variables, the data from the main study were analyzed. The mean age was 74.1 with a range of 65-88 years. Mean baseline systolic blood pressure was 167.8 with a range of 160-190 mm Hg. Women comprised 61 % (34 of 56) of the population, and 39% (22 of 56) were men. All were white except 1 black woman.
Resting and postexercise AAI measurements were obtained in 98% (55 of 56) of the participants. The distribution of AAI measurements is depicted in Figure  1 . An abnormal postexercise AAI was found in 23 participants (42%) and of the 23, 10 (43%) reported symptoms of intermittent claudication. The prevalence of LEAD increased with age and was somewhat higher among men than women, although these relations were not significant by univariate analysis ( Table 3 ). The prevalence of LEAD was significantly higher among smokers and among persons with a carotid bruit or ICA stenosis ( Table 3) .
The distribution of ICA:CCA blood flow velocity ratios is presented in Figure 2 . Stenosis of the ICA was found in 24 arteries of 21 persons (38%). The prevalence of ICA stenosis increased with age and was higher among women, although these relations were not significant by univariate analysis (Table 4) . Persons with LEAD or a carotid bruit, however, were significantly more likely to have an ICA stenosis.
The relation between ICA stenosis and LEAD was of particular interest because it persisted when a stepwise logistic regression analysis was performed. ICA stenosis was first tested as the dependent variable using LEAD, age, sex, systolic blood pressure, smoking history, and cholesterol as covariates. The only variable predicting ICA stenosis was LEAD (p = 0.020). The same analysis was performed using LEAD as the dependent variable, and this analysis revealed that history of smoking (p = 0.007), ICA stenosis (p = 0.032), and age {p = 0.055) independently predicted LEAD. Therefore, LEAD and ICA stenosis were correlated even after controlling for potentially confounding factors.
The presence of eccentric plaque was common, occurring in all but 2 participants. Plaque most often occurred in the carotid bulb and was most often Grade 1 in severity. To summarize the occurrence of plaque within each participant, an index of plaque severity was calculated by adding the values of eccentric plaque for the CCA, bulb, and ICA of each carotid system. The lowest possible plaque index was a 0 for a person with no plaque at any of the 3 locations on either the right or left side; the highest possible plaque index was 18 for a person with Grade 3 plaque at each of these locations on both sides. This variable is important because it measures a more complete spectrum of disease, including minimal and moderate degrees. The plaque index could not be calculated for 5 persons with incomplete B-mode information. The mean plaque index for the remaining 51 participants was 4.5 with a range of 0-14; this distribution is presented in Figure  3 . A high plaque index was arbitrarily defined as a plaque index of > 6, and it occurred in 11 persons. The prevalence of a high plaque index increased significantly with age and was more common among men than women (Table 5) . As expected, a high plaque index correlated well with ICA stenosis and also was Because of a small sample size, we have reported here relations that reach a significance level of p = 0.10. Although some relations are not significant in the traditional sense, they may indicate what might be found if a larger sample size were used.
Discussion
The prevalence of carotid disease in the general population has not been well documented. In most early studies, the diagnostic criterion used was presence of a carotid bruit. The prevalence of asymptomatic carotid bruit has been found to be between 3 and 12% in the population over 45 years of age. l3~16 The presence of a carotid bruit, although sometimes indicating significant disease, is by no means a definitive diagnostic measure. 17 " 21 Therefore, although the prevalence of bruit in the general population can be estimated from existing literature, the prevalence of confirmed carotid disease cannot be determined.
Although some studies have evaluated carotid disease using more accurate diagnostic techniques, most of these studies have included only select populations, usually individuals who have symptoms of cerebral ischemia or extensive vascular disease at other sites that have brought them to the attention of the medical LEAD, lower extremity arterial disease.
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Plaque Index community. This study is one of the few to use advanced noninvasive diagnostic techniques to determine prevalence rates of carotid disease in asymptomatic, healthy individuals. We have found smoking to be related to carotid plaque, although the significance of this relation was borderline. In previous literature, there is little data to suggest that cigarette smoking is a risk factor for carotid disease; however, cigarette smoking has been found to be prevalent among patients with carotid disease. 22 In patients with transient ischemic attacks (TIAs), cigarette smoking was found to be significantly associated with a carotid disease score, 23 and in the Framingham Study, 24 smoking was found to be a risk factor for stroke, but only in men below age 65. Therefore, although the relation between cigarette smoking and carotid disease remains unestablished, there is some evidence that they may be correlated.
The same is true of blood cholesterol levels. Although total cholesterol and high density lipoprotein cholesterol are clearly risk factors for coronary disease, their effects on carotid atherosclerosis have yet to be fully studied. One recent publication reported that plasma concentrations of total cholesterol were significantly higher in TLA patients with carotid stenosis than in controls. 22 Although in our study total cholesterol levels were not significantly related to carotid plaque, a significant relation might be found in a similar study with a larger sample size.
The epidemiology of LEAD has been much less well defined than the arterial diseases of the heart and brain. Much of the available information is confined to the incidence and prevalence of intermittent claudication, the prevalence of which in the general population has been reported to be between 1 and 2%. 25 " 28 Studies using noninvasive vascular techniques to diagnose LEAD, however, have found that intermittent claudication is reported in only about one third of patients with definite arterial occlusions. 2930 This again demonstrates the need for noninvasive testing when evaluating prevalence rates of arterial disease. The findings of the present study are in agreement with others in that the prevalence of LEAD increases with age 2628 and that LEAD is slightly more prevalent among men than women. 26 " 28 Other studies have also previously reported smoking as a risk factor for LEAD.
2731
It appears that the prevalence of peripheral vascular disease in this population is high. One reason may be their blood pressure. In the Italian multicenter study of reversible cerebral ischemic attacks, 32 systolic blood pressure was one of the variables most highly correlated with severity of extracranial arterial lesions. We did not observe this correlation, possibly because the variation in blood pressure in our population was small. All systolic blood pressures were between 160 and 190 mm Hg. An association between vascular disease and systolic blood pressure may have been seen if normotensive persons had been included in the population.
Another reason for the high prevalence of disease in this population is that the use of noninvasive diagnostic techniques allowed the detection of subclinical disease. Although asymptomatic disease is often not of clinical importance, it is crucial when defining the natural history and risk factors of a disease. In our data, we used blood flow velocity measurements to identify carotid disease that had progressed to causing hemodynamic changes. The plaque index, on the other hand, measured a more complete spectrum of disease, including minimal and moderate amounts of plaque. This measure was found to correlate best with risk factors. This is consistent with Crouse et al, 33 who evaluated a system for scoring the extent of carotid atherosclerosis using B-mode ultrasound. In their study, the measure of extent of disease (derived by summing lesions at 4 sites in the CCA and ICA on both the left and right sides) correlated significantly with age and extent of coronary disease.
The relation between carotid disease and stroke has been investigated by many authors. It is clear that persons with carotid disease are at risk for stroke, 13 " 1534 but the reported risk varies widely. In addition to being related to stroke, however, carotid disease has been associated with a greater risk of ischemic heart disease 14 as well as a greater risk of mortality in general.
3536 LEAD is also associated with increased mortality 37 
"
39 possibly indicating that persons with atherosclerotic disease in general are at high risk for mortality, particularly from cardiovascular causes.
Carotid artery disease may therefore mark the presence of generalized systemic vascular disease and not necessarily be independently related to stroke. Our findings of a significant correlation between carotid artery disease and LEAD seem to support this hypothesis.
If extent of carotid artery disease reflects the ongoing atherosclerotic processes throughout the body, the evaluation of the peripheral arteries may prove useful to the clinician. The accessibility of these vessels for diagnostic study can allow early identification of persons with asymptomatic peripheral vascular disease. It is possible that, by bringing such persons under medical management while the disease is early in its course, one could detect and even prevent the more serious atherosclerotic diseases of the brain and heart.
In brief summary, the prevalence of peripheral vascular disease in this elderly population with isolated systolic hypertension was high, possibly due to their age and blood pressure. Persons with disease of the carotid arteries were also more likely to have LEAD, indicating that a measure of carotid artery disease may reflect the extent of atherosclerosis in general. Finally, the variable that was most useful in relating carotid disease to risk factors was a measure of extent of eccentric plaque.
